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OoM shivering is the principal source of regulated heat formation in the or- /1655* 
ganism affected by cold. Central control of cold shivering is carried out by the 
hypotlialainus vdth participation of stem structures that create nuscle tone [5] . As 
we know, the part played by the vestibulary a£^>aratus in muscle tone regulation is 
es^ressed especially by increased extensor activity and depression of the flexor 
type [4, 7, 10] . It would seem, that the influenoe of the vestibulary system mi^t 
have a distinct irportance in the formation of cold shivering as well. In this con- 
text one itust keep in mind, that cold shivering in the extremities arises in the fle- 
xor muscles, but not in the extensors [2, 3] . It might be suggested, that exclusion 
of the vestibular c^jparatus would have a definite effect on cold shivering in the 
flexor extremities. 

In the present work there has been a study of bioelectric activity in the mu- 
scles of the forelimbs and hindlimbs during cold shivering after unilateral destruc- 
tion of the vestibular ^>paratus. 

Method 

The study was done on 45 cats anesthetized with a chloralose-urethane mixture 
(50+500 mgAg) with methacine premEjdication (2.5 mgAg) • Cold shivering was indixsd 
by chilling the entire animal in a thermal chamber kept at 18-20®. The animals, in 
a free position on its side, was placed on a grill 10 cm above the floor of the cham- 
ber in order to insure even cooling. Under these conditions the body tenperature of 
the anestheti 2 :ed animals dropped and muscular shivering set in. Unilateral destruc- 
tion of the vestibulary e^paratus was done through the round window of a previously 
opened vesicle with subsequent administration of 1 drop 1% dicaine solution. Due to 

*Numbers in the margin indicate pagination in the foreign text. 
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the possible a^^nretrical effect of the vestibulary ^jparatus on spixial activity [9] 
the right labyrinth was destrqyecl in 21 animals and the left in the others. For 
clarification of total labyrinth destruction created by the present method the oper- 
ation was carried out under sterile conditions with subsequent observation of the 
animal's behavior. Following emergence from ansrthesia typical symptoms were ob- /1656 
served: turning of the heeid and drocping towif rd the delabyrinthed side, ocular 
nystagmus on the hedltly labyrinth side. In addition, following the acute experim- 
ent there was a histologiced check shewing ccrplete destruction of the laybrinth. 

Moscular bioelectric activity was induced by intramuscular bipolar electrodes 
[1] and recorded with a Madioor M-21 electreryograph. Fbr quantitative assessment 
of muscular biopotential a Medioor MI-1 nyointegrator was used that recorded muscle 
activity over 30 sec at intervals of 5, 10, 15 and 20 min following delabyrinthiza- 
tion. A stvdy was made of the activity of flexor muscles (humeral biceps, sartori- 
us) and extensors (humeral triceps, gastrocnanius) . Destruction of the vestibulary 
apparatus was carried out v*iile maintaing a relatively stable level of bioelectric 
activity in each muscle studied. Processing of eiqjeriinent results took as 100% the 
initial level of elecArcryographic activi^ (integrator impulses over 30 sec) and mu- 
scle activity following destruction of the labyrinth was calculated in percent of 
the initial value. 

IXuring the entire ejperiment rectal and subcutaneous tenperature, following pre- 
liminary intensification, was recorded on an N-3020-3 autcmatic recorder. 

The Student method was used for analyzing the results of each experiment. 

Results of the Study 

Before the esperiment began the warm animal (rectal temperature 38-39®, subcu- 
taneous above 35®) showed no bioelectric activity in the muscles under study — the 
flexors and extensors of the extremities. Chilling of the animal in tlie thermal 
chamiber caused a drop in rectal and subcutaneous tenperature and the appearance of 
cold shivering inthe flexors. At this point not one of the extensor muscles showed 
bioelectric activity in any esperiment. Tiie results of our observations indicated, 
that the sartoriias evinced bioelectric activity when the rectal temperature dropped 
to 37.^0.12® and the subcutaneous dewn to 30.1+0.54®. Ihe activity of the humeral 
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CHANGE IN BIOELECnilC ACTIVITY OP FIEXDR PORELIMBS 
OOID SHIVERENG PQEIOWING UNILATERAL CETAB^ 


IVpe of 

muscle reaction 



Number of ea^aeriments 

Sartorius 

Humeral Biceps 

side of 
vestibular 
destruction 

side 

opposite 

side of 
vestibular 
destruction 

side 

opposite 

38 

30 

29 

22 

131.9+5.6 

120.8+3.8 

149.9+10.8 

126.5+6.7 

7 

13 

5 

8 

0 

0 

11 

11 

0 

2 

0 

4 

45 

45 

45 

45 


i^t^pearance or increase 
of activity 

Average percent increased 
activity 

No activity changes 
No noticeable activity 
Decrease in activity 
Total experiments 


biceps usually appeared later at a lower rectal and subcutaneous temperature of 
37.4+0.16 and 27.8+0.62° respectively. We ^cecuted unilateral destruction of tho 
vestibular apparatus follcwing further decrease in tenperature, rectal to 35.7+0.31° 
and subcuta n eous bo 26.4+0.84° during a period of stable bioelectric muscle activi- 
ty. It should be noted, however, that in standardizing the temperature conditions 
at v^iich delabyrlnthing was done we were ccnpelled in some of the es^erirnents to 
destrc^ the labyrinthine structures of animals that were cold but not shivering. 

Thus in 13 out of 45 ejperiments at the moment of delalyrinthing there was an ab- 
sence of cold shivering in the sartorius and in 19 esqaeriments in the humeral bic^s. 

Unilateral destruction of the vestibular apparatus carried out under the condi- 
tions described, did not produce in a single experiment any bioelectric activity phe- 
nomena for extaisor muscles. 


The results of our observations in respect to change in the bioelectric activ- /1657 
ity of esctremity flexor muscles during cold shivering under coxxlitions of unilateral 
delatyrinthization are presented in the Table. 
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Fig. 1. EM5 changes in nuscle activity induced 
by unilateral destruction of the labyrinth du- 
ring cold shivering, a - sartorius, b.- hun»- 
eral bio^. Solid line - on tiie side of lab- 
yrinth destruction, broJcen line - on the oppo- 
site side. Arrow indicates roonent of delaly- 
rinthization. x axis - time in min, y axis - 
UC activity of muscles based on integrator 
indications in % of Initial valvss. 


side following delabyrinthization. 


Activity of the sartc^rius lo- 
cated on the side of the destroyed 
vestibulary e^iparatus increased in 
38 of 45 animals. Intensified ac- 
tivity showed itself both throu^ 
its increase in 25 shivering ani- 
mals and by its appearaix:e in edl 
13 non-shivering aninals previous 
to the cats' delabyrinthization 
(fig, 2, 3) . Increase of bioel- 
ectric activity (pcO.OS) of the 
sartorius muscle on the ipsilat- 
ered side averaged 131.9+5.6% as 
ocitpared with the initial value 
and was f early constant over the 
entire recording period (Fig. la) . 
In only 7 animals was there no 
change in the activity of the sar- 
tociiis muscle on the ipsilateral 


Bioelectric activity of the sartorius on the oontralatered side also increased 
in most (30 out of 45) experiments; in 13 the unilateral delabyrinthization resulted 
in the e^paatanoe of bioelectric activity of the sartoritis in cold but not shivering 
animals and in 17 experiments it led to the increase of initial bioelectric activity 
(Fig. 2, 3) . Increased activity of the sartorius on the ocntralateral side was less 
than on the ipsilatered and averaged 120.8+3,8% ocmpared with the initial level (Fig. 
la) . In the remaining e3g)eriments the initied bioelectric activity of the sartorius 
£ollcwi;ig delabyrinthization either did not basically change (13 animals) or went 
down slightly (2 anijnals) . 


Observaticsi of the bioelectric activity of the huttierad bio^ on the ipeilaterad 
side indicated, that activity changes occurred in 29 esg^eriments out of 45, v^ther 
they e^Dpeared as intensified in the case of the shivering ^ninals or in the display 
of biopotentieds in the animals that were cold but not shivering. Thus, in aninals 
in vMch unilateral delabyrinthization was done against a background of cold diiver- 
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Fig. 2. Cheuige of bioelectric activity in hindliirib muscles following uni- 
lateral delabyrinthization dturing cold shivering, a - initial activity, 
b - activity 10 minutes after delabyrinthization. EMG: 1 - sartorius mu- 
scle on ipsilateral side, 2 - sartorius on contralateral side, 3 - gastro- 
cnemius on ipsilateral side, 4 - gastrocnemius on oontralaterad side. 

K^; a. Seconds, b. Microvolts. 


a 



Fig. 3. Effect of delabyrinthization on EMG of muscles of flexor extremities 
in oold non-shivering aniirals. a - sartorius, b - humeral biceps, 1 - ini- 
tied record, 2 - record 10 minutes after delabyrinthization. 

K^: a. Seconds. b. Microvolts. 

ing of the humeral biceps (21 e>q3eriments) , there was a substantial increase in shiv- 
ering (p< 0.05) . At the 10 min point following delabyrinthization muscular activity 
was 150.4+9.1% and at the end of the observation period 155.2+12.0% as oortpared with 
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Fig. 4. Change of bioelectric activity of foreliitib nuscles following uni- 
lateral delabyrinthization during oold shivering, a - initial activity, 
b - activity 10 minutes after delabyrinthization. EMG: 1 - humeral biceps 
on the ippilateral side, 2 - same on the oc»itralateral side, 3 - triceps 
on the ipsllatered side, 4 - same on the contralateral side. 

XSy: a. Seconds. b. Microvolts. 


the initial level (Fig. lb, 4) . In fact unilateral destruction of the labyrinth in 
9 cold animals in the absence of blo^ activity resulted in the appearance and sta- 
ble mintenanoe of such activity in 8 e>^)eriment8 (Fig. 3b) . In 5 delabyrinthed /1658 
animals the biceps activity vos the same as at the start. 


Increase in humeral bio^ activity on the contralateral side following unila- 
teral destruction of the vestibulary apparatus observed in 22 e]<periments. In 
14 of these increased activity took the form of growing activity in shivering ani- 
mals, edthou^ the increase was less than in the bio^ on the ipeilater^d side that 
by the end of the observation period anounted to 128.0^8.7% as oonpared with the in- 
itial (Fig. lb, 4) . Unilateral delabyrinthization carried out in the absence of bio- 
potentials recorded for the humeral biceps cn the contralateral side in the same 19 
chilled animals resulted in their e^jpearance only in 8 experiments. In 12 esqseriments 
activity either was not really different from that in the beginning (8 animals) or e- 
ven wmit down sli^tly (4 animals) . 




Evaluation of Results 


Results of the escperiinents conducted indicated, that unilateral dropout of ves -/1659 
tihulary iirpulsation in anesthetized animals favors facilitation of cold shivering 
manifested both in its intensification and in its appearance in animads that are 
cold but not shivering. The results obtained may be e)qalained on the basis of liter- 
ature data on the inhibiting effect of the vestibulary apparatus on activity of the 
flexor extremities [4, 7, 10]. It may be supposed, that ranovad of the downward ef- 
fect of the vestibulary apparatus on spinal activi^ facilitates the functioning of 
flexor motoneurons participating in cold ^vering. The effect of facilitation of 
cold shivering follcxdng unilateral delabyrlnthization was most cleeucly espressed in 
nuscles located on the side vhere the vestibulary apparatus had been destroyed. This 
is evidenced by the number of esperiments vdiere facilitation of cold shivering in mu- 
scles on the Ipsilateral side (Table) was observed as well as a greater increase in 
their bioelectric activi^ (Fig. 1) . 

Changes in the bioelectric activity of the sartorius nuscles differed from acti- 
vity changes in the humeral bic^xs. Thus, the increase of activity in flexor muscles 
of the forelimbs was larger than that of flexor nuscles of hindliiribs both on the ipsi- 
lateral and contralateral side. At the same time unilateral delabyrlnthization done 
CXI cx>ld bit not shivering animals usually resulted in the appearance of cold shiver- 
ing in the sartorius muscles, vhile this happened to the humer 2 d bitoeps in only some 
of the esperiments. There may be two explanations for this effect. First of all, 
the absence in some of the exqperiments of bioelectric activity in the humeral biceps 
following delabyrlnthization may be associated with later involvement of these mu- 
scles in cxxld shivering. Probably the removal of the inhibiting effects of the ves- 
tibulary cpparatus on motoneurons of the flexor forelinibs vps in some of the experi- 
ments insufficient to c»use the appearance of cxxld shivering. Secondly, the reason 
for seme differences in the reactions of the sartorius and humeral biceps to delaby- 
rinthization may possibly be cxxinected with the well known difference in the organi- 
zation of vestibulary cxjntrol of the activity of motoneurons in the forelinibs and 
hindlimbs. In acxx>rdanoe with the data in the literature these motoneurons in the 
cat are cxxnnec±ed in various ways with nuclei of the vestibulary exxiplex. The moto- 
neurons of the lutrbar regions are cxonnec±ed with the Deiter nucleus throu^ the /1660 
homolateral vestibulospinal tract. Vestibular influences on the motoneurons of the 
forelimbs are not limited to the Deiter tract; fibers from the medial vestibulary 
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nucleus included In the makeip of the medied vestihulary longltudined fasciculus 
and connected vdth the notcneurons of the forulijiibe but not of the hlndliivbe [11, 
12 ]. 


In about half the experiments the facilitation of cold ^vering folloMing 
unilateral delabyrlnthizatlon hed a dual character that may be esqplained in terms 
of literature data on the bilateral effect of the vestibulary e^paratus on spinal 
activity [6, 8]. 

Ohe demonstrated effects of the vestibulary apparatvis on the course of cold 
shivering should be regarded as participation in the supersegnentary mechanism of 
the facilitation and inhibition of motoneuron activity. 


8 


RE3EKE!NCES 


1 . 

2 . 


3. 


4. 


5. 


6 . 


7. 

a 


9. 


10 . 


11 . 


12 . 


60 


Kolupayev, B. I., Uchastiye nvshts gnxSnoy kletkl v ternoregulyatsli [Partici- 
pation of Ihoracic Musclea in ISwonocegulation ] , Author's abstract of dis- 
sertation, Petrozavodsk, 1974. 

Upandln, Yu. V., Neyzoflziologlcheskaya kharakteristika sdkratitel'nogo tezmo- 
qeneza, v kn. Bjolwidieaki^ profoleroy Seyera [Neurophysiological Character- 
istics of Oontzactile Themoge^ls, in Biological Problems of the North] , 
Petrozavodsk, 1976, pp 170-172. 

idem, Sravnitel'naya kharateristika kholodovogo i likhoradochnogo trenora [Ocn- 
parative Characteristics of Oold and Fever Trmor] , Bvull. eksper. biol. 1 
ined. § 5 / 1 , 14-16 (1978). 

Shj^xTvalov, A. I., G. G. Kurchavyy and M. N. Stroganova, Sinapticheskiye mdchan- 
iaiy vestibulospinal *n^ vliyaniy na oc -notoneyrony [Syne^>tic Mechanisms of 
Vestibulospinal Effects on 2 dpha-Motoneurons] , Fiziol. zh. SSSR 52/12, 1401- 
1409 (1966) . 

Euler, C. and U. SOderberg, The Influence of Hypothalamic Thermoceptive Struc- 
tures on the Electroencephalogram and gamta Motor Activity. EEG and Clin. 
Neurophysiol. 9 / 3 , 391-408 (1957). 

Fre dri ckson, J. M., 0. Schwarz and H. H. Komhuber, Convergence and Interaction 
of Vestibular and Deep Somatic Afferents i^n Neurones in the Vestibular Nu- 
clei of the Cat, Acta oto-laryngol . W/1-2, 168-188 (1966) . 

Gemandt, B. and C.-A. Thulin, Vestibular Mechanisms of Facilitation and Inhi- 
bition of Cord Reflexes, Amer. J. Physiol . 172/3, 653-660 (1953) . 

Hongo, T. , N. Kudo and R. Tanaka, Effects from the Vestibulospinal Tract on the 
Contralate r al Hindlimb Motoneurons in the Cat, Brain Res , ^/l, 220-223 (1971). 

laoour, M., M. Bonnet emd J. P. Roll, Effets spinaux d'une stimulation vestibu- 
ledxe electrigue chez I'Hc^pe. Mise en ^idenoe d'une pr^alence vestibu- 
laire et du role de la lat&-alisation motrice [Spin^d Effects of Electric 
Vestibular Stimulation in Humans. ManifestaiJLon of Vestibuleu: Predcminauioe 
and of the Role of Motor Lateralization) , Acfci oto-laryngol. 78/5-6, 399-409 
(1974) . 

lAind, S. emd 0. P□^pei^u>o, Monosynaptic Exvitation of alpha Motoneurones from 
Si?)raspinal Structures in the Cat, teta physiol, scand. 73/1, 1-21 (1968). 

Njberg-^lansen, R. , Origin and Termination of Fibers from the Vestibular Nuclei 
Descending in the Medial Longitudinal Fasciculus. An Experimental Study 
with Silver Inpregnation Methods in the Cat, J. Oonpar. Neurol. 122/3, 355- 
368 (1964) . 


idem and T. Mascitti, Sites and Modes of Termination of Fibers of the Vestibulo- 
spineLL Tract in the Cat. An Experimental Study with Silver Impregnation Me- 
thods, ibid , pp 369-388. 






/ *4i. l.iH, 


9 


